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1. Project Summary and Background

To understand the effects of land-surface heterogeneity and the interactions between

the land-surface and the planetary boundary layer at different scales, we develop a multi-

scale data set. This data set, based on the Cooperative Atmosphere-Surface Exchange

Study (CASES97) observations, includes atmospheric, surface, and sub-surface

observations obtained from a dense observation network covering a large region on the

order of 100 km. We use this data set to drive three land-surface models (LSMs) to

generate multi-scale (with three resolutions of 1, 5, and 10 km) gridded surface heat flux

maps for the CASES area

Upon validating these flux maps with measurements from surface station and aircraft,

we utilize them to investigate several approaches for estimating the area-integrated

surface heat flux for the CASES97 domain of 7 lx74 k3n 2, which is crucial for land-

surface model development/validation and area water and energy budget studies. This

research is aimed at understanding the relative contribution of random turbulence versus

organized mesoscale circulations to the area-integrated surface flux at the scale of 100

kin, and identifying the most important effective parameters for characterizing the

subgrid-scale variability _br large-scale atmosphere-hydrology models.

Furthermore, we study, by using aircraft and profiler measurements at multi levels

together with the multi-scale surface flux maps over the CASES-97 domain, the 3-D

structure of PBL development and its interactions with the underlying inhomogeneous

surface. As such, our analysis is expected to provide insight on the atmosphere-soil-



hydrologyinteractionsandtheeffectsof subgrid-scalesurfacevariability at scalesfrom 1
km to a largewatershed(4800kin^2).

2. Major milestones accomplished

1) Develop a multi-scale gridded data set including atmospheric and surface conditions
for the CASES-97 domain

The multi-scale (1, 5, and 10kin) gridded atmospheric forcing data are based on four

major sources: 1) eight PAM and ASTER surface stations; 2) 1-km S-Pol precipitation

analysis and 4-km hourly NEXRAD precipitation analysis; 3) 1-km resolution vegetation

and soil maps; and 4) 1-km NDVI data. The above data are used to develop a gridded

data set of atmospheric forcing variables with 30-min time interval for the period April

22 1997 00:00 UTC to May 22 1997 23:45 UTC and for the CASES97 domain of 71x74

km 2. For details about this data set, see Yates et al. (21)01).

2) Utilize the surface data to validate coupled model simulations

The surface sensible, latent, and ground heat flux in the CASES97 domain are used to

validate the coupled MM5 simulations with two land-surface models (OSULSM and

HTSVS for 20 May, the last Intensive Observing Period of the experiment. Simulations

with MM5 with both LSMs compare well with observations. The main differences are in

the partitioning of incoming net radiation among surface heat fluxes. The results are

summarized in an article submitted to Journal of Hydrometeorology by Molders et al.

(2001)

3) Generate multi-scale surface heat flux maps with LSMs over the CASES domain

To obtain the surface heat flux maps, the multi-scale gridded data set is used to drive

three LSMs: 1) OSULSM: a relatively simple vegetation model with four soil layers; 2)

SOLVEG: having nine canopy layers and seven soil layers and a treatment of both the

water and vapor phase in the soil; and 3) NCARLSM: with six soil layers, CO2 cycle, and

surface heterogeneity representation.

4) Validate the LSM simulations with surface and aircraft flux measurements

The SOLVEG model was verified against the surface heat fluxes measured at nine

stations. By using an optional solar radiation scheme with canopy layers, model results

agreed well with observations. The vegetation treatment was improved by incorporating

the green vegetation fraction in the model. These verification results are described by

Nagai (2001)

Further, simulations from three LSMs are intercompared and compared to surface and

aircraft measurements. In spite of model differences, all three LSMs reasonably captured
the surface heat fluxes measured at nine surface stations located over various landuse

types. They also produce the observed average fluxes, as well heterogeneity observed
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from aircraft. However,therewerefeaturesin theaircraftdatathatcouldnot simply be
explainedby surfaceproperties.Rather,theyappearto berelatedto mesoscaleeddiesin
theatmosphere(Chenet. al. 2001).

5) Scalinganalysisof surfaceheatflux maps

Thescalinganalysisis conductedwith surfaceheatflux mapsat 1,5, and 10-kin
simulatedby threeLSMs. Statisticsarecomputedto investigatethescalingpropertiesof
thesemulti-scalefluxesastheyareaggregatedinto ascaleof 71x74km2.The
accumulatedeffectsof subgrid-scalevariability onevaporationandsurfaceenergy
balancefor aone-monthperiod isexplored(seeYatesatal. 2001for details)

6) Impactof surfaceheterogeneityon thedevelopmentof theconvectiveboundarylayer

To understandtheimpactof subgrid-scalevariability onthemodelsimulatedconvective
planetaryboundarylayer(PBL), we run thePSU/NCARMM5 modelusingflux mapsas
lowerboundaryconditionsatthreegrid resolutions(1, 5, and 10km). By couplingthe
MM5 modelwith theaccurateflux mapsin one-wayinteractivemode,weeliminatethe
biasesin surfaceheatfluxescausedby atmosphericmodelssothatwecanfocuson the
developmentof thePBL. Onekey benefitfrom theCASESdatasetis thedetailed
descriptionof thespatialandtemporalstructureof thePBLwith sounding,aircraft,and
profilersobservations.During five IOPs,radiosondeswerereleasedat 90-minute
intervalsfrom thethreeprofiler sites,andaircraft flew straight-and-levellegsat multiple
levelsto obtainfluxes,soundingsto estimateboundary-layerdepth,and'triangle' flights
connectingthethreeprofiler sitesto enableintercomparisonandto provideestimatesof
horizontalgradients.We areverifying thestructuresimulatedby two PBL
parameterizationschemes(so-calledMRF non-localschemeandMellor-Yamada2.5
TKE scheme)coupledto thePSU/NCARMM5 modelagainstthesedata.

3. New Results and Impacts:

a. Data improvement

We applied interpolation techniques to CASES97 data and collected satellite, gauge-

corrected radar-estimated rainfall, land-use and soil data to produce a gridded dataset

for the CASES-97 period. Careful examination of the data during this project has led

to improvements of the CASES97 surface dataset, originally measured at the surface-

tower observation network implemented by Steve Oncley (ATD/NCAR). One

important lesson learned from the effort is that the data people and model people

need to work together to make high-quality datasets that are suitable for model

evaluation and studying surface heterogeneity.

b. Crucial role of soil hydraulic properties and soil moisture stress function in

land-surface modeling



Three land-surface models were tested against the CASES97 data set, which provided

valuable information on effects of land-use type (e.g., winter wheat, natural grassland,

and sparsely vegetated surface) and their growing cycle on surface energy budgets.

One interesting result we found in this research effort is that the parameterization soil

hydraulic conductivity and soil moisture stress function play a fundamental role in

land-surface modeling. Regardless of the complexity of these land-surface models,

these two basic parameterizations seem to contribute to the major differences in their

surface evaporation and soil moisture evolution.

c. Scaling of surface heterogeneity using aircraft and surface measurements

and modeling

The lxl km gridded surface sensible and latent heat flux maps for the CASES97

74x72 krn 2 area were generated from three land-surface models (OSULSM,

SOLVEG, and NCARLSM). They are compared to the heat flux measured by two

aircrafts (Wyoming King Air and NOAA Twin Otter) at 30-40 meters. In spite of

model differences, three LSMs seem to reasonably capture the variations of heat

fluxes along morning flight-tracks. They also produce the observed average fluxes, as

well as spatial heterogeneity forced by landuse and soil moisture observed from

aircraft. However, there were features in the aircraft data that could not simply be

explained by surface properties. Rather, they appear to be related to mesoscale eddies

in the atmosphere. These studies demonstrate that a combination of aircraft, surface,

remote-sensing measurements, and modeling could provide valuable information

about the scaling of surface heterogeneity over difference landuse types and soil

moisture and hints of aggregation of surface heat fluxes for regional and global
models.

In summary, these studies demonstrate the usefulness and limitation of difference

approaches in studying the scaling and aggregation of surface heat fluxes and

evaporation over different landuse types. In particular, modeling results are very

useful to help the design of aircraft flight tracks and the deployment of surface-tower

stations. The longer length of aircraft tracks and more frequent repetition of flight

should improve data sampling and help capture the surface heterogeneity, and

sampling and leg-average techniques need to be investigated. Furthermore, soil

moisture and temperature profiles and measurements of soil hydraulic properties

collocated at surface-tower stations with complete atmospheric conditions are critical

for land-surface modeling and its verification. Based on these results, we will start a

new field experiment, with a better experiment design, in order to enhance the

International Water Vapor Project (IHOP) surface-tower and boundary layer

measurements, planned for May-June 2002 in the Southern Great Plains region.
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